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ABSTRACT 
The Systems Engineering approach to Affordability is equal to CAIV + LCC + TOC + Systems Effectiveness. The 
purpose of this presentation is to apprise the Systems Engineering community of Affordability as a critical metric in 
the total organization. Affordability will be defined in terms of the most “bang” for the available bucks from the 
Government and commercial perspectives.  Illustrations of how the design process can affect the affordability and 
determine the “profit” and maximize sales.  The flow of Affordability will define at a top level the definition of Cost 
As an Independent Variable (CAIV) with program examples and real life scenarios.  Affordability is dependent on 
mission requirements, i.e. quantity, performance, supportability.  Life Cycle Cost (LCC) will be defined at a top level 
and include the elements of LCC with the appropriate process of “How an LCC is developed” along with the 
customer requirements and models to support.   Total Ownership Cost (TOC) is defined and illustrations of various 
TOC’s will be provided at a top level.  Systems Effectiveness will be discussed as mission utilities that are inherent in 
the Systems Engineering processes. Additionally, there is discussion of IPT responsibility, when this process is 
implemented and other Economic Analysis aspects pertinent to the Affordability Program. 
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1. INTRODUCTION 
Affordability is an abstract term that most people think they understand but have difficulty defining or 
explaining.  The Department of Defense acquisition regulations require program managers to address 
affordability, detail affordability constraints, and achieve affordability during the procurement of new 
systems without providing a definition or even a clear idea of what affordability means.  The Department 
of Defense has difficulty in defining affordability and therefore, it is no wonder that program managers 
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have difficulty understanding or explaining the term.  Perhaps the process of selecting an affordable 
product or service will yield some insights. 
How do consumers know when they can afford a product or service?  Sometimes it appears obvious.  
Note the term “appears.”  Normally, people treat affordability as a product price attribute that is 
proportional to their ability to pay that price.  If buyers use this traditional ability-to-pay measure of 
effectiveness, they can say, “no, it is not affordable,” if the price is too high.  On the other hand, they 
might be able to say, “yes, it is affordable,” if it fits their budget and performs what they need when they 
need it.  People expect something of value in return for what they spend.  Simply stated, they expect their 
purchase to perform as required when required, and they cannot bear the situation when it does not. 
In the Webster dictionary – to afford something means, “to manage to bear without serious detriment.”  
To bear means to accept the burden of the cost of the product or service purchased, and to accept the 
absence of other products or services that could have been purchased with the same dollars.  Without 
serious detriment suggests that the product or service must satisfy a need at some minimum level of 
performance quality when that need arises.  To put it another way affordability is that characteristic of a 
product or service that responds to the buyer’s price, performance, and availability needs simultaneously.  
So the traditional ability-to-pay definition of affordability is at best incomplete and at worst misleading. 
2. DEFINITION OF AFFORDABILITY 
By combining personal experience with Webster’s definition of the word afford, affordability can be 
defined more precisely. 
 
Of course, this definition is from the customer’s point of view.  Note that while it includes the 
purchase price and implies an ability to pay that price, it also covers the performance and availability 
requirements of the product or service.  Remember, regardless of price, if a product or service will not 
respond to the buyer’s needs or will not be available when they need it, they can’t afford it. 
By examining each element of the aforementioned and asking the following questions, a program 
manager can gain valuable insight into the affordability of a weapon system or service. 
 
Affordability is that characteristic of a product or service that enables consumers to 
 Procure it when they need it 
 Use it to meet their performance requirements at a level of quality that they demand 
 Use it whenever they need it over the expected life span of the product or service 
 Procure it for a reasonable cost that falls within their budget for all needed products or services 
 
The Department of Defense defines affordability as the degree to which the life-cycle cost of an 
acquisition program is in consonance with the long-range investment and force structure plans of the 
Department of Defense or individual DOD Components.  Affordability procedures establish the 
basis for fostering greater program stability through the assessment of program affordability and the 
determination of affordability constraints. 
 Components shall plan programs consistent with the DOD Strategic Plan, and based on realistic 
projections of likely funding available in the future years 
 Affordability shall be assessed at each milestone decision point beginning with program 
initiation-usually-MILESTONE 1. 
 Cost Analysis Improvement Group (CAIG) reviews shall be used to ensure cost data of 
sufficient accuracy is available to support reasonable judgements on affordability for ACAT 1 
programs. 
 DOD Component Heads shall consult with the USD (A&T) or the ASD (C3I), as appropriate, 
on program objective memoranda (POM) and budget estimate submissions (BES) that contain a 
significant change in funding for, or reflect a significant funding change in, any program 
subject to review by the DAB or the DOD Chief Information Officer. 
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1.  When is a weapon system or service needed initially?  Sometimes the need is immediate, and at 
other times it can wait. If the company can’t deliver when needed, the user can’t afford the procurement. 
2.  Will the weapon system or service effectively meet all requirements?  This is the core question that 
probes why the system or service is needed.  The procurement must meet all requirements and perform at 
some minimum level of quality in the process.  If both conditions are not met, the user can’t afford the 
procurement. 
3.  Will the buyer be able to use the weapon system or service effectively whenever it is needed?  The 
buyer is seeking to avoid surprises that adversely impact the ability to use the procurement when it is 
needed and expected to be available. (When considering this question, remember that some procurements 
will require planned periodic maintenance activities.  These activities make the procurement unavailable 
during planned maintenance, but help assure availability the remainder of the time.)  If the contractor 
doesn’t provide some assurance that the procurement will normally be available when needed, the buyer 
can’t afford the purchase. 
4.  Are funds available to make the procurement?  Also, will there be sufficient funds in the future to 
defray any downstream costs?  These questions are more complex, because of varying fund sources along 
with competing demands for all funds.  The buyer must consider these factors and make a value judgment 
as to whether future funds will be sufficient to defray costs during the life cycle of the weapon system. 
The Department of Defense (Air Force, Navy, Army, and Marines) is customers that want effective 
methods to procure the most affordable defense systems.  They want to select and develop technologies 
that will enable affordable systems in the future. If properly identified and applied affordability attributes 
are important elements for assessing the affordability of alternatives, they might be even more important 
for the design and development of products and services.  Affordability attributes could influence the way 
industry manufactures affordable products or purveys affordable services. 
3. WHY AFFORDABILITY AS A SYSTEMS ENGINEERING METRIC? 
Systems Engineering is both a technical and management process.  It is a discipline that ties together 
all aspects of a program to assure that the individual parts assemblies, subsystems, support equipment and 
associated operational equipment will effectively function as intended in the operational environment.  It 
also is a logical sequence of activities and decisions transforming an operational need into a description of 
system performance parameters as well as a preferred system configuration. 
From an acquisition reform perspective specifically affordability, use of non-government standards for 
System Engineering is encouraged, detailed post award plans are minimized, and government insight is 
maintained through IPTs and on-line access to contractor’s management information systems. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
When Systems Engineering is preparing a proposal the following are crucial to Look For: 
“WHY”  
AFFORDABILITY IS A SYSTEMS ENGINEERING METRIC 
 
 Because affordability is a decision making tool – these methodologies will support selection of the 
most affordable technologies and systems. 
 Because affordability can be improved, measured and predicted – these techniques enable analysts 
to forecast expected affordability of alternative technologies and systems, and to measure 
improvement in affordability of a given system 
 Provides a structures analytical path from determining requirements to fielding affordable systems. 
 Conducting research into the concepts of affordability and methods to implement the approach. 
 Establishes a foundation for creating Affordability Systems Engineering Science. 
 Initiates research of Complexity Sciences to understand links between fitness and affordability. 
 Investigation of game theoretical modeling and ther advanced Systems Engineering concepts to 
focus on System thrusts that will leverage significant downstream system affordability. 
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1.  A requirement in the Statement of Work (SOW) for integrated program reviews with Government 
participation. 
2.  A requirement for maximum use of simulation and modeling in the design process vice hardware 
tests and demonstrations. 
3.  Requirement for a company to describe their system engineering process and all relevant previous 
experience in response to the RFP. 
4.  Integration of design to cost considerations with the design engineering effort. 
5.  Functional reviews that are integrated and scheduled concurrently with management reviews. 
Through best value contracting, a contractor’s Systems Engineering ability and past performance 
should be evaluated during source selection.  If a contractor is found capable of satisfying the 
requirements at this point, then some oversight and review requirements can be avoided by the Program 
Manager.   
Coupled with this evaluation during solicitation is the need to refrain from shackling the contractor, 
after contract award, with government review and approval requirements on detailed aspects or the 
Systems Engineering process.  Contractor’s responsibility and accountability for design should not be 
compromised through government approval of incremental design review results.  The government’s 
participation in design reviews should be focused on determining if a contractor is demonstrating 
satisfactory accomplishment of the process. 
The government should utilize IPTs to achieve integration of all functional requirements and prepare 
an “integrated” RFP.  This will motivate a contractor to use concurrent engineering techniques and 
incorporated affordability techniques in preparing our response.  The Program Manager should also 
conduct integrated program reviews where the government’s (customer) concurrent engineering team 
participates as a body.  Separate functional only reviews should be minimized.  This approach will result 
in a contractor using a concurrent engineering team to perform the reviews. 
Performance specifications have been used successfully as an alternative approach to the acquisition of 
items using detailed technical data packages.  A properly constructed performance specification can 
assure the customer of a quality product at reduced cost by greatly reducing government oversight and 
contract administration.  In addition, the use of performance specifications allows a contractor to become 
more efficient in the manufacturing operations, incorporating product enhancements, as well as reducing 
costs (both direct and indirect) associated with product manufacture.  Therefore, maximum use must be 
made of performance, or “what is necessary” terms, as opposed to telling a contractor “how to” perform a 
task. 
4. HOW IS AFFORDABILITY ANALYSIS USED? 
How should a defense contractor view affordability?  Earlier, affordability was defined using 
Webster and the DOD from the customer point of view.  Now, it needs to be defined from the 
contractor’s/producer’s point of view.  From the contractor’s point of view, affordability is that 
characteristic of a product or services that 
 Makes it available when the customer initially needs it 
 Enables it to meet customers’ performance requirements at a level of quality they demand 
 Makes it available whenever customers need it during its expected life span (life-cycle) 
 Allows customers to fit it into their budget for all competing products or services 
At first glance, the definition appears to be a mirror image of affordability from the customer’s point 
of view.  However, the contractor is faced with satisfying many customers.  Each contractor wants many 
potential customers, each with unique requirements, to select that one available alternative.  On the other 
hand, each customer wants to select one affordable alternative from many competing contractors. 
The answer to the contractors’ dilemma may be in the identification of general affordability attributes 
with which all (or at least many) customers can identify.  Several candidate attributes immediately come 
to mind; inherent adaptability to a wide range of operating scenarios, self-adjustment to physical or 
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environmental changes, and minimum consumption of resources, to name a few.  Although these are 
general types of attributes there is an affordability process that follows closely to the definition for the 
contractor. 
How can contractors and customers generate general affordability attributes – attributes that could be 
termed overall fitness qualities characteristics of all products or services?  Research of the fitness of 
natural systems as a metaphor for the affordability of technological systems.  This could result in a 
rewarding endeavor, consisting of a significant research effort with practical application of the results. 
The details of such a research endeavor have not yet been fully developed.  But successful research 
results could change the way people perform market research, design products, define system 
requirements, and choose from among viable alternatives.  Both general and specific affordability 
attributes would be important – in some cases, critical- inputs to many affordability models.  Contractors 
would find these attributes useful in their role as customers as well as sellers, since few contractors start 
with all the raw materials they require. 
One final thought about affordability attributes and their relation to the definition of affordability.  
The end user of virtually every product or service uses the output from a value chain consisting of a 
number of customer/contractors.  Every customer is a producer.  Even the last customer who ultimately 
uses the product or service produces some output with it.  And every producer is a customer in some 
sense of the word, even to the point where nature provides the initial input to the value chain.  The 
common thread throughout the value chain may well be the affordability attributes that influence 
customers and producers without discrimination. 
 
“HOW”  
AFFORDABILITY IS UTILIZED  
 
1. Determine the customer concerns and understand those concerns 
 Explicit – States cost goals or operating budgets 
 Implicit – Customer desire to reduce program staffing 
 Next Phase – Contract contains a limited budget/funding 
 Unit Production – Average Unit Production Cost (AUPC) goals 
 Total Ownership Costs (TOC)-Reduced Total Ownership Costs (RTOC)- Life Cycle Costs (LCC) must be 
some determine percent (normally 30%) less than the replaced system 
2. Determine how the competition impacts affordability 
 Marketing determines cost limit to WIN the contract 
 Existing inventory items with potential modification costs 
3. Set design goals 
 Top level system or architecture 
 Subsystems 
 All phases 
4. Understand system requirements vs. system affordability 
 Perform the economic analysis 
 Establish a Total Ownership Costs, Reduced TOC, Cost As Independent Variable, Design To Life Cycle 
Cost or Design To Cost program 
5. Review the present estimates against goals often and react appropriately and expediently 
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5. PHASES 
The Department of Defense evaluates the affordability of programs at all major program reviews 
throughout all Acquisition Phases of the program Life Cycle.  Figure 1 is an illustration of the DoD 
program Life 
Cycle. The two initial phases, Science & Technology and Determination of Mission Need are 
conducted to look at needed and available technologies that may be use to solve a perceived war fighter 
requirement (of mission need). The Milestone 0 (MS 0) program review is conducted and approval is 
necessary to kick off the program into the various acquisition phases. Prior to the MS 0 review, an 
independent Affordability Determination will be prepared and delivered to the review committee. The MS 
0 review committee will evaluate the required documentation (shown on the chart) and the affordability 
determination. 
Each Milestone Review includes a program affordability review. For MS I to MS III the DoD 
generated independent program cost estimates and the Affordability Determination which includes as 
estimate for budget availability are compared with contractor cost estimates in the form of the Life Cycle 
Cost estimate. Also, cost risk estimates are included with this evaluation.  Approval to proceed with the 
next program phase requires the program pass the affordability review as well as the technical and 
schedule review. 
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Figure 1. DoD Acquisition Phases and Milestones relating to Cost Analysis. 
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